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breed purity and 2) encourage genetic progress through performance testing - genetic selection programs. The
continued production of purebred lines assures that a number of breeds are available to produce females and
terminal cross pigs with high levels of heterosis. Purebred breeders, whose customers are commercial swine
producers, have produced substantial rates of genetic progress by use of the STAGES program.
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Introduction 
The National Swine Registry (NSR) has two long 
term goals: 1) to register purebred pigs and thus assure 
breed purity and 2) encourage genetic progress through 
performance testing - genetic selection programs. The 
continued production of purebred lines assures that a 
number of breeds are available to produce females and 
terminal cross pigs with high levels of heterosis. Pure-
bred breeders, whose customers are commercial swine 
producers, have produced substantial rates of genetic 
progress by use of the STAGES program. 
Capturing heterosis 
Terminal crossbreeding systems offer substantial ben-
efits in terms of profit per litter and performance levels. 1 
The genetics of the gilts and the terminal cross pigs 
are consistent. The advantage of terminal cross breed-
ing systems is produced by two factors: 1) utilization 
of breed differences and 2) utilization of both maternal 
and individual heterosis. Breed differences for sow pro-
ductivity have been utilized as most commercial gilts are 
a high percentage Yorkshire or Landrace. The mating 
of purebred sows to produce either Fl gilts (Yorkshire 
by Landrace) or three breed cross gilts (Yorkshire by 
(Hamp-Landrace)) produces 100% maternal heterosis. 2 
Maternal heterosis has a substantial impact on age at 
puberty, conception rates, li tter size weaned, weaning 
weight and days to market (Table 1). Mating of these 
females to a terminal sire of a different breed or breeds 
produces market pigs with 100% individual heterosis 
which impacts growth rate and survival of the pigs to 
weaning and to market (Table 2). 
The original STAGES program 
STAGES is an acronym for Swine Testing and Genetic 
Evaluation System, which was initiated in 1983 and 
completed by 1986. The STAGES program utilizes data 
collected on cooperating farms to calculate expected 
progeny deviations (EPD's) for several traits. An EPD 
is the predicted performance of future offspring of an 
individual, and is expressed as a deviation from the 
mean of the base group of animals. EPD's are based on 
direct measures of an animal's performance along with 
measures of the performance of an animal's relatives, 
Table 1: Heterosis advantage for production traits 1 
Item 
Reproduction 
Age at puberty 
Conception rate 
Pigs born alive 
Littersize 21 days 
Littersize weaned 
Production 
21-day litter weight 
Days to 250 lb. 
First cross purebred sow Multiple cross crossbred sow 
Percentage advantage over purebred 
0.0 
0.0 
0.5 
9.0 
10.0 
10.0 
7.5 
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-6.0 
8.0 
8.0 
23.0 
24.0 
27.0 
7.0 
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Table 2: Percentage of the maximum heterosis obtained from various crossbreeding systems with 
breeds A, B, C, and 0 2 
Percent Heterosis 
System Offspring Maternal 
Crosses for replacement gilts: 
A boar x B sows 
C boar x .SA-.SB sows 
A boar x .SA-.SB sows 
Rotations of: 
2-breeds 
3-breeds 
Terminal crosses of: 
0 boar x .5A-.5B sows 
O boar x .75A-.25B sows 
0 boar x .SA-.258-.250 sows 
Rotaterminal with: 
2-breed sow rotation 
3-breed sow rotation 
including ancestors, siblings and progeny. Best Lin-
ear Unbiased Prediction (BLUP) genetic evaluation 
procedures are utilized to evaluate the information on 
each pig. The results are reported as EPD's for number 
born alive, number weaned (adjusted for number after 
transfer - a measure of preweaning survival), 21 day lit-
ter weight, days to 250 lbs., backfat thickness and loin 
muscle area. The EPD's are used in a prediction equa-
tion to calculate an EPD for pounds of lean adjusted 
to a 185 pound carcass or approximately a 250 pound 
live weight. The EPD's are used to calculate three bio-
economic indexes using average commercial production 
costs and market prices. Since 1999, the bio-economic 
indexes have followed the commercial pork processor 
marketing grids and created a curvilinear economic 
value for percent lean. The average value of each index 
is 100. 
The Terminal Sire Index (TSI) is a bio-economic index 
that ranks individuals for use as terminal sires in a termi-
nal crossbreeding system. The TSI includes only EPD's 
for post-weaning traits. It weights the EPD's for backfat, 
days to 250 pounds, pounds of lean, and feed/pound of 
gain relative to their economic values. Each point ofTSI 
represents $1 for every 10 pigs marketed or 10 cents per 
pig produced by a specific sire. The Sow Productivity 
100 0 
100 100 
50 100 
67 67 
86 86 
100 100 
100 50 
75 100 
100 67 
100 86 
Index (SPI) is a bio-economic index that ranks individu-
als for reproductive traits. The SPI weights the EPD's for 
number born alive, number weaned, and 21 day litter 
weight relative to their economic values. Each point of 
SPI represents $1 per litter produced by every daughter 
of a sire. The Maternal Line Index (MU) is a selection 
index for seedstock that is used to produce replacement 
gilts in terminal crossbreeding programs. MU weights 
EPD's for both terminal and maternal traits relative to 
their economic values, placing approximately twice as 
much emphasis on reproductive traits relative to post-
weaning traits. Each point of MU represents $1 per 
litter produces by every daughter of a sire. 
The STAGES indexes can be easily used to calculate 
the increased value of the higher indexing seedstock 
animals. The genetic advantage of superior maternal 
sires is multiplied to numerous commercial offspring. 
The use of the highest indexing maternal Yorkshire and 
Landrace sires, those in the upper 2.5% of their breed 
is substantial, approximately $22 per litter farrowed 
(Table 3). 
Starting in the mid l 980's, a number of purebred pro-
ducers implemented the STAGES program and selected 
replacement boars and gilts based on a combination of 
the indexes and physical soundness characteristics. A 
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Table 3: Percent matings needed and system returns with breed average maternal sire and gilts ver-
sus superior A.I. sires* 
Dollar return/litter 
Tier Cross %oftotal Average sire Average sire 
matings and gilts and gilts 
Great grandparent Y x Y 1.4 
Grandparent LxY 11.0 
Parent HD x YL 87.6 
System average 
* Assumes 25% replacement rate. 
group of producers began working together to further 
increase the rate of genetic improvement. In the mater-
nal breeds, the very highest sows out of several thou-
sand sows were selected based on a combination of the 
MLI and SPI values. These sows were mated to a sev-
eral young sires with high MLI values. The sons were 
cooperatively sampled and mated to both herd average 
and the very highest indexing gilts and sows. The high-
est indexing sons and tops sows were identified and the 
process repeated several times during the l 990's. This 
cooperative prolific sow selection resulted in sires with 
EPD's greater than 1.0 for number born alive and 8 
Figure 1 
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pounds for 21-day litter weight and 121 for SPI. These 
herds made substantial genetic improvement for litter 
size, litter weight and the maternal indexes (Figures 1 
and 2). Young Duroc sires with high TSI values were 
also cooperatively made available and sampled. These 
herds made substantial genetic improvement for the 
posrweaning traits. 
Revised sow productivity indexes (2004-2005) 
Optimal sow productivity occurs with maximum num-
ber of pigs per litter, litters per sow per year and a high 
percentage of pigs with acceptable weaning weights. 
....... NBA 
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Figure 2 
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Litters per sow per year, conception rate and subse-
quent litter size are associated with sows with decreased 
days from weaning to estrus. Economically each day 
from weaning to estrus also has a direct cost of being 
a nonproductive sow day. Selection for increased litter 
size results in pigs with decreased birth weights. As lit-
ter size increases above 13 pigs per litter the number of 
light weight pigs increases. Pigs with light birth weight 
have decreased preweaning survival rates and increased 
probability of being a lightweight pig at weaning. Thus, 
the genetic advisory committee of NSR decided that 
litter birth weight and the interval from weaning to 
mating are additional traits that deserved consideration 
to fully optimize sow productivity. 
--SPI 
2002 2003 2004 2005 
Year 
To develop the new EPDs for litter birth weight and 
days from weaning to estrus, new genetic parameters 
needed to be estimated. This project utilized 11,578 
records of pigs born alive, litter birth weight, 21-day 
litter weights, number of pigs weaned, and weaning to 
mating interval from Duroc, Yorkshire, Hampshire and 
Landrace sows from 10 National Swine Registry mem-
ber farms. 3 Heritability estimates pooled across breeds 
were 0.32 and 0.20 for litter birth weight and weaning 
to mating interval , respectively. 
The range in EPDs (Table 4) for the 45 1 Yorkshire sires 
represented with daughter records was 4.92 pounds of 
litter birth weight and 2.15 days in weaning to mating 
interval indicating dramatic genetic differences for these 
Table 4: Estimates of heritabil ities (diagonal) and genetic correlations (below diagonal) for reproduc-
tive traits in Yorkshire swine 
WTE LBW NBA NW LWT 
WTE 0.24 
LBW 0.29 0.19 
NBA -0.05 -0.07 0.08 
NW 0.34 -0.14 0.61 0.03 
LWT 0.47 0.55 0.35 0.39 0.11 
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Table 5: Percentile distribution for sires that have produced daughters with WTE or LBW records. 
Yorkshire Land race 
Percentile WTE LBW WTE LBW 
Maximum -0.99 2.89 -0.94 3.68 
95% -0.29 1.98 -0.33 1.66 
90% -0.21 1.55 -0.27 1.28 
75% -0.09 1.01 -0.14 0.64 
50% 0.05 0.33 -0.05 0.12 
25% 0.18 -0.41 0.06 -0.46 
Minimum 1.16 -2.03 1.49 -2.15 
Table 6: Meat quality EPD percentile groups for Duroc sires. 
Percentile 
Maximum 
75% 
• 507 sires 
Marbling EPD 
0.49 
0.05 
rrairs amongsr animals. Assuming rhe cosr of a nonpro-
ducrive sow day is $1.65/day rhe addirional value due 
ro generic differences berween daughters of rhe highest 
ranking and lowesr ranking Yorkshire boars for weaning 
ro maring interval would be $3.55/liner. 
A new SPI was developed rhar includes rhe EPD's for 
number of pigs born alive, liner birth weighr, number 
of pigs weaned, liner weighr ar 21-days, and weaning 
ro maring interval. Urilizarion of rhese five rrairs in 
generic selecrion allows for rhe selecrion of oprimal sow 
producriviry rhar more closely resembles rhe accepted 
indusrry measure of pigs per sow per year. 
Pork quality EPDs (2005) 
The pork indusrry is diversifying inro mulriple pork 
chains. These chains specify particular arrribures rhar 
meer qualifications for differing consumer groups. 
These aspects of mear qualiry are inAuenced by borh 
generic and non-genetic (management, feed, environ-
ment, ere) facrors. The NSR developed a project ro 
estimate rhe genetic parameters of specific traits related 
ro meat qualiry and subsequently implemented a meat 
qualiry genetic improvement program.3 Traits evaluated 
on loin muscle included CIEL*, pH at 24 hours after 
harvest and marbling score, using the 1-10 National 
Pork Board scale. 
Minolta L* EPD 
-1.59 
-0.30 
pH EPD 
0.11 
0.02 
Using the estimated genetic parameters, NSR de-
veloped a meat qualiry evaluation program. Their 
members regularly harvest purebred barrows and gilts 
which culminates in EPDs for CIEL*, pH at 24 hours 
after harvest and marbling score on sires and dams of 
harvested pigs as well as their littermate prospective 
replacement parents. This program provides members 
the opportunity ro develop lines thar meet developing 
pork chains wirh enhanced mear qualiry specifications. 
Participating members receive EPDs for pH, marbling 
score and Minolta L * (Table 5). 
STAGES - PLUS 
Several NSR members currently maintain data on their 
individual seedstock herds as well as data from multiplier 
herds which use animals produced from their herds. In 
addition, several NSR members have established com-
mercial producer managed multiplication (great-grand-
parent and grand-parent) systems. The sows in these 
seedsrock or commercial producer managed herds main-
rain pedigree files and unique life-long identificarion of 
rhe purebred females. Several herds also maintain the 
pedigree files on the Fl gilts produced from purebred 
ancestors. 
In STAGES-PLUS, rhe multiplier and commercial 
herd databases are accessed through internet links to 
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NSR computers. The currendy analyzed sow produc-
tivity records are combined with the data from the 
purebred females with crossbred litters and F 1 females 
with pedigree information. Furthermore, meat quality 
data from crossbred offspring of purebred sires (for ex-
ample Duroc sires mated to known parentage Yorkshire 
- Landrace females) are included into the calculation of 
the pork quality EPD's for Duroc sires. Data extracted 
from these databases, genetic analyses completed and 
the resulting EPDs are being provided back to the NSR 
members. 
Summary 
National Swine Registry members whose focus is pro-
viding improved seedstock to the commercial industry 
have made tremendous genetic gains over the past 20 
years. The STAGES program is constancly being revise.cl 
to include additional traits and to provide more bal-
anced genetic changes. Commercial herds which utilize 
these NSR members as seedstock herds can benefit 
from two decades of rapid genetic improvement and 
maximum heterosis from using purebreds. 
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